Introduction and Summary
Since all experimental and theoretical evidence indicates that the beam intensity in the PSB is at present limited by the Laslett Q shift after trapping, a second harmonic accelerating system is being added with the aim of producing flat-topped bunches. Calculations indicate that the resulting improvement in bunching factor should permit an intensity increase of 25 to 40 Z. Additionally, the bucket area is increased by 25 to 45 % depending on intensity.
A general description of the new cavities, which operate over a frequency range of 6- The relatively small distance (360 mm) between the four superposed rings of the PSB imposes rather severe constraints on the design of the accelerating cavities and their associated final RF power stages, Figs. 5 and 6. Closed circuit air cooling is used for both, and their design generally follows that of the fundamental system3. For the 6-16 MHz frequency range a different type of ferrite was, however, necessary, and Philips 4 M was chosen. In order to obtain the somewhat higher bias field required by this material, each cavity has four figureof-eight loops which carry the bias current and also provide RF coupling between the two ferrite cores, Fig.6 . 
Low Level Electronics
Three control loops control relative phase, amplitude, and tune of the second harmonic cavity, Fig. 8 . The tuning loop acquires the tuning phase from inside the fast feedback loop which ensures automatic compensation of the reactive part of the beam loading and thus minimum tube power. The transistorized tuning power amplifier is controlled by the tuning loop amplifier which contains a compensation of the rather non-linear current-frequency relationship of the cavity to ensure reasonably constant loop gain, and an integrator which eliminates the need for feedback-forward compensation. LOG 
Initial Experimental Results
With V2 = 6-8 kV applied, a fast growing longitudinal instability developed immediately after trapping and resulted in a 50 % beam loss. From its frequency, number of nodes, and bunch-to-bunch phase shift, the mode could be identified as an in-phase, sextupole mode (n = 0, m = 3), Fig. 9 left.
The fact that it is an n = 0 mode indicates that it is a generalized Robinson6 type interaction; generalized so as to include feedback loops4 and higher order modes7 (m > 1). As the e-folding time (T 1 Ims) is independent of intensity, it became clear that the feedback path consists of the phase loop8 for the fundamental cavity, which compares the phase of that cavity with the fundamental of the beam signal, followed by the phase loop described above for the second harmonic cavity, which has a strong effect on the sextupole mode due to the higher form factor7 at this frequency.
This was partly successful, the sextupole mode was damped, but a decapole mode (n = 0, m = 5, Fig. 9 right) developed, except for the highest gain settings where stable bunches were obtained, Fig. 10 , and a record intensity of 1.08x1013 was captured in one ring. The Even atlow intensities, say 1012, it turned out to be necessary to use all existing longitudinal damping systems, namely coupled mode active damping7 (n= 1 to 4, m= 1,2 and 3), and Hereward damping (n= 0, m= 2 and 4). The in-phase quadrupole mode (n= 0, m= 2) interacts very weakly at low intensity, so we studied this mode with its active damping off, and even at low intensity it hardly showed any sign of Landau damping.
The observed frequency corresponds well to the peak in Fig. 4 , about 80 % of the small amplitude synchrotron frequency with no second harmonic applied.
To conclude, adding the second harmonic cavities to the Booster rings increases the bunching factor and thus the intensity limit as expected, so that 1013 protons per ring does not seem out of reach. There is, however, a region in the phase plane with little or no Landau damping which makes the continued use of active feedback necessary, and results in a high complexity as we now have 11 feedback loops per ring associated with RF control and longitudinal mode damping.
